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* (57) Abstract 

Patterned conducting polymer surfaces exhibiting excellent properties may be prepared by: (a) forming a surface of a conducting 
polymer on a surface of a substrate; (b) forming a surface of a blocking material on the surface of the conducting polymer in a patternwisc 
fashion, to obtain a first patterned surface containing regions of exposed conducting polymer and regions of blocking material; (c) treating 
the first patterned surface with an agent which: (i) removes the conducting polymer from the regions of exposed conducting polymer; 
(ii) decreases the conductivity of the conducting polymer in the regions of exposed polymer, or (iii) increases the conductivity of the 
conducting polymer in the regions of exposed conducting polymer, and (d) removing the blocking material to obtain a second patterned 
surface containing an exposed pattern of conducting polymer. 
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TITLE OF THE INVENTION 

PATTERNED CONDUCTING POLYMER SURFACES 
AND PROCESS FOR PREPARING THE SAME \ 
5 AND DEVICES; CONTAINING THE SAME . 

BACKGROUND OF THE INVENTION 
Field of the Invention ; >• 

.. The present invention relates to a simple, convenient 
process for preparing high-resolution patterns of a conducting 
10 polymer on a substrate. The present invention also relates to 
- the, patterned conducting polymer surfaces so prepared and to 

devices, such as liquid crystal displays/ which contain such a 
. patterned conducting polymer surface. The patterned 

■': conducting polymer, e.g. polypyrrole/ may serve as a 

* ■ • 

15 conducting material to provide a means of addressing selected 
pixels of a lightweight, flexible liquid crystal display. 

Discussion of the Background : 

In current liquid crystal (LC) display fabrication 
technology, the most widely used conductive material is indium 

20 tin oxide (ITO) i. However, the use of ITO has several - 
disadvantages in manufacturing. One drawback is the 
relatively high temperature (about 250*C) at which ITO is 
deposited onto glass or other solid substrates, which can 
damage other components of the display such as polymeric color 

25 filters. Another problem is that when ITO is deposited on 
plastic substrates for purposes such as fabrication of 
flexible LC displays, the ITO becomes brittle and fails whein 
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«„ display » , 

«. e lS c«i«u y W^la, POl^r.U a . ^. 

• ^ t i« to -» the ooadactind .^eri.1. because ; .l* , 
f""^ , t ^Unt t-perature; <nd * W: 

oirashic saterial sisilar co . r . _ ' ,„•«,« ., s t»A,;« 

, on the subject, oJ conaactlaa .poly.era is .the . • ,,,, 

t t or x*> m a « display is described in ^ . , 



is 
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1995 ■ «i» tPPvVis an excellent ,.: 

cona^in, polymer polypyrrole ^ ^ ■ 

k ice as a replacement conducting material for HO, be 
choxce as a rep in _ sit a polymerization, 

w „« M red by a convenient, an * 
ppy can be prepared oy el ^* ace resistance, - 

• andpPY £ilBS can be produced vxth surface . 
method, and PPy . ' . ■ - • 

^icsl comity, sad — ihd othM 

— ^ ^ 

applications. . The in poiv^rs- such as 

♦ films of electrically conducting poiym 
transparent films ox ex ., l4 . 4onS o£ the 

^ilia. and polypyrrol. «~ ^ 
, pK .ne ~nos~s. aniliae and pyrrole, as thsy _ 
... »is setaod elites tb. » - 

^thesisin, the poly~r and then dissolve it in a 



for .film deposition and is : the simplest and least' time- 
'Consuming approach for preparation of conducting polymer 
films. The use of aqueous solutions for the xn-situ 
polymerization method also alleviates environmentally-related 
organic solvent disposal problems; Both of these factors are. 
important for technological. scale-up and commercialization of 
processes using conducting polymers • 

PPy films deposited by. the in-situ method can be prepared 
with conductivities > a00. S/cm using the anthraquinone-2- 
sul?onate^counterion in the presence of 5-sulf osalicylic acid 
(see for example: R.V. Gregory, W.C Kimbrell, and H.H. Kuhtt, 
Synthetic Metals, vol. 28, p. C-823 (1989)). This translates 
to a surface resistance of between 600-3 OOO n/ square, nearly 
two orders of magnitude lower than that for typical 
polyaniline: films deposited by the in situ method.. These PPy 
films can also be obtained with optical transparencies in the 
range of > 65%-70% transparent* Ih-situ -deposited. PPy. films 
therefore have properties that make them very useful as 
conductive elements for the fabrication of a variety of liquid 
crystal display devices. 

To fabricate an addressable LC display , one of the 
conducting elements must be patterned to a particular geometry 
and linewidths that constitute the designated output of the 
display. Depending on the nature of the LC display, the 
geometry may be in an alphanumeric pattern, a grid pattern, an 
array of dots, or some other pattern. The minimum dimension 
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* tbe pa«.m.d features typically <ro» 

A*. «>:i*« « to very fin. Ci« M-W * Prcc*. t or.. : • . 

po«arnin^<^ctin, Powers -»t b.abi. *- . . . ; 

'.solution .. Waispi.,. — ' 

rbr pattemin, tb. coMuctlva POly»r -t 
.ovarseiy affect tb. .iactricax Wfece . ! 

optica! transparency of Wconductin, p.^ in tbe active 
W-V properties of tbe >u*erlyin, substrn«. • 

Pi^l,. ^Partarni^ process aust be «*U> r.produ~bl., 
; cos^sctive. and coapatible „itb ««W aenuf.cturin, . - 
e^ipaant asea l. tha'W display inaastry. 

X nuubir W ~«.ods have been reported for producing 
pa «e ro s , t PPy - v«io». scales, xn on. ..tbod, ion* • : 

onai,al*yl -H— *T' ^ ' 

onto., old substrate. Tb. S».-.odi ( i.d electro, is in~rs.d 

in . solution of pyrrole. «- «- S» f II. bloc*, elytron 

. r ^ so tnat PPy is dapoeited only in tb. ^ 

eoastrate. ror , detaiX^ description of t^s approaon. 

s ... C.B. Gor-an. H.». Biebuyeb. and O.K. wbitesides, 
. cWsSry or Materials, vol. PP. ! * ' . 

.elated approacbes. «M patterned deposition of PPy ~n » 
initiated at s.sloonduotin, substrates by patterns, exposure 
of tb. substrata tbroU,b , solution containing, pyrrol, 
oonoaer. Tb. poly-riaation end deposition ot PPy ■«.*- 
25 initiated pbotoeXectrocbe.icaXXy at tb. substrata a > 

irradiated regions of tbe substrate. Pot a descrrptron of 



these approaches, see: M. Hikita, 0. Niva, A» Sugita, and 
T. Yamamura, Japan Journal of Applied Physics vol. 24, pp. L79 
(1985) ; and M. Okarto, l7ltoSr Ari^lsE^T\a^^"Heiida f 
Journal of the Electrochemical Society , vol. 134, p. 837 
(1987). These methods are limited to metallic substrates such 
as gold or semiconducting . substrates such as silicon, and are 
not appropriate for use on flexible, insulating polymeric 
substrates. 

In a second method, -a flupropolymer substrate is modified 
by ^ plasma -treatment to create, regions of greater or lesser 
adhesion for a PPy film formed from an in-situ deposition 
method. The plasma is prevented from accessing the substrate 
ih'cerxain regxons"by~th€r usrer of~^a physical mask such as a 
metal grid. The PPy is deposited initially over the entire 
substrate, but is then removed from the unmodified regions by 
either ultrasonication in solution or by removal with adhesive 
tape. For a description of these approaches, see: U.S. Patent 
Application Serial No. 08/401,912 (see above) and L.S. van 
Dyke, C.J. Brumlik, W. Liang, J. Lei, C.R. Martin, Z. Yu, L. 
Li, and G.J. Collins, Synthetic Metals, vol. 62, pp. 75-81 
(1994). These methods are limited to relatively low 
resolution PPy pattern formation, characterized by rough 
edges, and the use of physical masks is not compatible with 
standard manufacturing techniques for preparing commercially 
useful addressable liquid crystal displays. 
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: v * PPv f iim deposited bit a " />.-y. 

• v in a>third method, » W * . ■/ . 

^^Wft-X^.i^, «... description o this 
■"A <»») . -This .PPro.cn 1. not P"' errsd for pr.ctic.1 

In i .burt. "»* u ■ Mor '^ 1 

o{ i chlorine-cont.inln, P=lV«r such « , _ 

- ' / ^..diesis, are cra.ted fro. dissociation of. *»• 

cnA „ - ppv/PCAH composite* 

of the absorbed pyrrole monoper to form a 

" ^od see- R. Baumahn, K. Lehnar*, and 
F or detail, « ^is ~t*od, see * ^ ■ 3 j . m 

Bargon, Synthetic Metals, vol. 54. pp. .» _ 

< , .onductivity data for the polymerized pyrrole 
0 electrical conductivity . , ± a 

. Wif— — However , >— — 

of P. and on in-iatin, — ■ ^ 

opposite is .I~st corcsini, ssO — ^ „ 

^ «eo of the composite 

PPV -nich is a savors — ' «- ^ 
„ . conductive ssterial for display faction. 
^ I, process is Usited Co Cos. cs.oris.t- powers that 



produce, sufficient f ree radicals to initiate the ^V'\ 
polymerization of. pyrrole. .Of the four polymers tested, only 
PCAN required as littre~ as ; 5: mixiutes^f espoisure with a high 
intensity (10009) . lamp ...Also, . the reported times for sorption 
of pyrrole into the chlorinated polymer were -5-10 hours, 
which is impractical for use of this process in routine x 
manufacturing. 

Several methods have been described for patterning 
polyaniline (PAni) • Intone method, a film is prepared from a 
watefc-soluble derivative of :PAni that contains a cross- - 
linkable group on the polymer backbone. The film is exposed/ 
to electron-beam or UV irradiation, which crosslinks the 
polymei^in- the- exposed— region^— and the~unexposed-areas are 
dissolved in water to produce the final patterns. 
, Conductivities reported for. the patterned PAni films produced 
by this method range from 10' 2 to 10* s S/cm, which are much 
lower than the value of 1 S/cm that is characteristic of. the 
best films of unsubstituted PAni films (and again several 
hundred times worse than typical values for PPy films) . For a 
description of this method, see: M. Angelopoulos, J. M. Shaw, 
N.C. Labianca, and S.A. Rishton, Journal of Vacuum Science and 
Technology, vol. Bll, pp. 2794-2797 (1993) . This method is 
limited to specially-derivatized PAni polymers, and the 
inherent requirement of derivatizing the PAni backbone with a 
cross-linkable group for pattern formation leads to severe 
degradation of the electrical properties of the conducting 
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' 1 ■ ^ ^ e an active eleaent in, / 

• r:^r^- ^ ?— rt 

-there remains a need for a siapi 
Accordingly. » + w~t»n-a conaucti-S 

20 . proc.» «~ prepare . good 

^ttprns of conducting poxyme* 
which affords patterns ox 

conductivity properties. .„ ventio n to provide 

of the present invent xon wf 
It is. another object of the P lvme r surfaces 

* soaring patterned conducting polymer sur 



It is another object of the present invention to provide 
a process for preparing patterned conducting polymer surf aces 
which affords patterns of conducting polymer exhibiting good 
optical transmission properties. 

It is. another object of the present invention to provi<ta 
novel patterned conducting polymer surfaces prepared by. such a 
process., 

It is another object of the present invention to provide 
devices which 1 contain such a patterned conducting, polymer 
surFace. 

These and other objects, which will become apparent 
during the following detailed description, have been achieved 
by~thiTTnventors' discovery^that-patterned- conducting polymer 
surfaces exhibiting excellent properties may be prepared by: 

(a) forming a surface of a conducting polymer on a 
surface of a substrate; 

(b) forming a surface of a blocking material ort said 
surface of said conducting poiymer in a pattemwise 
fashion, to obtain a first patterned surface 
containing regions of exposed conducting polymer and 
regions of blocking material; 

(c) treating said first patterned surface with an agent 
which: (i) removes said conducting polymer from said 
regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 



- - ; • k : , conductivity-* i- said region <e*posOd , ; 

' • •patwrnedbarl.ee certain!*,. exposed pattern pt 

••'v .'- conducting polymer. 

/ .-: ^^iete :eppriblation ^ of t»- invention ;end: W ny o f 

tn. sane Oeco.eS ortter Understood » referee to t*e ^ ; 
: M i defiled description ^considered in connection 

»ith ». accoepsnying dr»wings> - wherein.- • - 

esnodi^nt or t». 

present process; ' 
5 - Fi ^r.s 2a and O are optioal siorograpn. Of patterned 

surfaces prepared ny the present process; ■-. ^ 

bv the present process; . 
P ^eV is e-icrograpno,. patterned surreo, prepared 

,o bv the present process; 

Plg Ure S is a scenario representee o, a poiy« 
dispersed iiguid crystal W "Uplsy according to the 
present invention; and 
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V^'.^Figure 6 is a schematic representation, of a. conducting ■ 
polymer twisted nematic liquid crystal display according to 
^7 : the present inventions " - — : 

••••• DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 Thus, in a first embodiment, the present invention 

provides a process for preparing a patterned surface of a 
conductive polymer by: 

. (a) -forming a surface of a conducting polymer, on a . 

:: ; surface of a substrate.; 
!0 ' ..>•. (b) forming a surface of a blocking material on said 

surface of sai<^ conducting polymer in a patternwise 

: ; " - ' — : fashion-^to^obtai n a fir st p a tt er ned surface 

containing regions of exposed conducting polymer and 
regions of blocking material; 
15 (c) treating said second patterned surface with an agent 

which: (i) removes said conducting polymer from said* 
regions of exposed conducting polymer; (ii) 
decreases the conductivity of said conducting 
polymer in said regions of exposed conducting 
20 polymer; or (iii) increases the conductivity of said 

conducting polymer in said regions of exposed 
conducting polymer; and 
(d) removing said blocking material to obtain a second 
patterned surface containing an exposed pattern of 
25 conducting polymer. 
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I ; In «i first dtep U, . B^«*« • ^in,;^ ' 

„>>„->*,-. p« IMaW t^t*^. 

con^in, Poly«r, sue. co^cti*, .« *^ * 

u of a^aitf**^ !««.•*•■ ^ ; 

peWcr. is incorporate* >«r 0 i» by 

. r .ferenc. sucb corfuctin, powers inpXude. 
"'i— poly.c.tyMn.. ,PX). pclydiactylene. (PDA), . 

* u „.„,,» (PPP). polypyrrolos (PPy> . polythiWhen^ 
- ,PT) . polyPit*iophen e s^pilyisoihian,phth.n.. 
VpoXypfc.nyU.evinylene* <PPV> . po^enylviny^ 1«P) . 

poXypie-yXcnesulfU. ,PPS). ******** ^ ^ 
; eonveni^. of th ese ccnauctin, powers « 

/ vshown below. 



trans-Polyacety lene : 



cis-Polyacety lene : 




13- 



polydiacety lene : 




R <^.ji^ai)cyl ? phenyl 
' =* C^j-alkylr phenyl 



Polyparapheny lene : 




Polythiophene : 





Polyphenylenesnlfide: 




.^-15- ■ 




Emeraldine: X ■ - Y ; 



•i 




In the above-given structures , it is to be understood 
that H atoms may be replaced by substituents, such as C x _ X i~ 
5 alkyl, or phenyl or groups containing ionic groups such as 
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donate These groups may be att^hed.: ; : ; • 
carboxylate or sulfonate. Th. , _ ^ .. 

- w ether, or amide lwftv .7 

. - directly or through ester, etb . . ^ ^ . 

rto electrical conductivity. 01 
. substitution worsens the electrx 

, but nay enhance features such as 

conducting polymer, but nay . 

5 ? * ^ particular, in th, case of PO^- it is 
"T ed thai no substituents ; be present, because— . 
preferred that n ^ conduct , tvi ^., 

these conducting polyners include: 
10 properties of these ^ p . 

" ," ■ , of a i t> head Sn . ser. 

kf L a : e r e t ^s^i^.^-?-. 1 ? 

ll966>; 6 ; * H l-edoff et el, <~*h . 

^ 2931 I: P ^ <-X, , X. Xto et a, .^^^ 
V01 ' ' * U , H. ShiraXawa . t a 1 , ^^'>., 
15 vol. 12, P. « < 1974) ' L Hev i ^ett i , vol. 39, p. 

r* v Chiang et al, phys. Kev . 

578 (1977) ; C.K. cm« * (1979); 

1098 (1977); P.J. X (1980); 

• . , d et al. Svnih^JSetals, vol. 1, P- » 

_ pt al TCJiei»^Ehy^» vol. 71, P. 
D.M. ivory et al . Kana2awa 

20 A ., Dia2 et ai, -*^;;; 9 ; ;_ illon et a , * 

^TT^'vo, 3e, p. X39 <X990>, H.W. oi^on et aX. 
_ chew. SoCj., vox. AUJ ». * 

2iJ ^^r Ltt., vol. 62, p, 2499 (1989); ^ 

25 et al, Ehys^Rev, Coniuaated 

, ™1 29, P- »21 (1989); H. Kiess. 
. iletalS, vol. z»» * 
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Conducting Polymers , Springer Series in Solid; State Sciences, - 
Vol. 102 r Springer-Verlag, Berlin,, 1992. , 

Preferably, tne conducting polymer is polypyrrole (PPy) 
or pblyaniline (PAni) . It is particularly preferred that the 
5 conducting poller be PPy. Moreover, it is especially 
preferred that the conducting polymer be PPy with the 
counterion of anthxraquinone-!-2-sulfonate prepared in the 
presence of 5-sulf osalicylic acid. Such PPy can be prepared 
as described in R.V. Gregory et al r Synthetic. Metals, vol. 28, 
10 p.. e^823 < (1989) f which is incorporated herein by reference. * 
The substrate, may be any substrate on which the 
conducting polymer can be formed. Preferably the substrate is 
• a dielectric or semiconductor* Examples include inorganic 
substrates such, as glass, quartz; silica, silicon, silicon 
15 carbide, silicon nitride , alumina, aluminum nitride, titania, 
titanium nitride, and diamond. Organic substrates include 
polymers, plastics,, waxes; specific polymer materials include 
polyesters (e.g., polyethyleneterephthalate) , 
polyvinylacetate, polyolefins (polyethylene, polypropylene, 
2C polyisobutylene, polybutadiene) , polyethers (polyethylene 
oxide, polytetrahydrofuran) polyvinylmethylether , 
polyvinylbutylether,. polyamides (Nylon 66), polyacrylamide, 
polyimides, polycarbonates, polysulf ones, polyketones 
(polyvinylpyrrolidone) , f luoropolymers 
25 (polytetrafluoroethylene, polyvinyl idene fluoride, 

poly(tetraf luoroethylene-co-hexaf luoropropylene) ) , aromatic 
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— ^-^^^r i 

po ly p.ptld.s ,poi,l,sine>. 11*— PO»— 

<?0 5 T, £ , p„lyi..rs (polyvinylWtyral) . 

0 nolycKloWstyrsna). acntal P Y». , „,« toIes „ f the atova. 

sporiss. copox^s. -«*«*«-.■ r*"V- ■ ,V 

- . ... tlsxible, transparent polyssrs snch as . 
; • a^ie powers, ^ n . ^ iwt . tna snnstrat. ; 

;; n ^ lyMr , uhlcil na. te.npX.sa. ^ ^ 

herein by reference. 

• ..; -ff.^-- Lasers po^ can*. <«- - 

v ^ ^1;^- po^ - - «- - 

Thus, a solution 01 p ^ lt is preferred that 

, * «™ the substrate. However, it is pre 
dip-coated on the ^ mrface of th« 

' „ rt i„a poller surface be formed on the surface 
the conductxng poiyne* hi _ maJte 

, bv in-situ polymerization of the monomers whxch m 

25 substrate by m-sacu p in - s itu 

-.„. presence of the substrate. The in 
up the polymer in the presence 



formation of a surface of PPy is described in R.V* Gregory et 
al, Synthetic Metals, vol . 28, p. C-823 (1989) , which is 
incorporated herein by reference,.- The in-situ formation of a 
surface of PAni is described in J-H. Cheung et' ai, Thin Solid 
Films, Vol, 244, p.. 985 (1994) , vhich is incorporated herein 
by reference. 

. The first step (a) of the present process thus yields a 
continuous layer of the. conducting polymer on the surf ace of. 
the substrate. Typically, the conducting polymer layer will 
be ^ nm to 1 mm, preferably 10 nm ;to 500 ran, thick.; Control 
of the polymerization conditions to obtain a layer of 
conducting polymer having the desired thickness is within the 
abilities of one having ordinary skill in the art. 

In the second step (b) , a patterned surface of a blocking 
material is formed on the surface of the conducting polymer. 
The blocking material may be any conventional material which 
does not adversely affect the properties of the conducting 
polymer. For the purposes of the present invention, what is 
needed is a film of sufficient thickness that can be applied ' 
to the conducting polymer surface in a patterned fashion so 
that it can effectively block an etchant (or conductivity- 
altering reagent) for the conducting polymer in selected 
regions of the substrate, and then be removed to reveal 
patterns of conducting polymer and no conducting polymer, or 
conducting polymer and altered conducting polymer. 
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' • * ace b£ blocking »aterial^»ay; be. forte* ■ , 

^^^^^^^ patternin * ot ^ ; 

spraying- W ™ " ■. . . ilt u a resist ana 

•fiUl* iat.ri.1. the blocKrn, -ateriel . . 

',.„p iiV will involve tn, • .. ' j: . 

surface of »»" conducting polyser!, , 

.•:>■■• ( ^.exp64W,=»la. «** t0 . •'• 

- - • acinic radiation in a patternvise : 
t „ obtain a P."a^ed snrfaca contain, - 

Wons ol resist vhich have been exposed 
— t„- iHT actinic radiation and legions of : . 
CM ist vhich have not been ^ « " W 
actinic radiation! 
(b)) aeveloping seid patterned surface obtained 
V in step M to obtain a patterned sur f .c. 

ecntainin, regions- ot.esposed conducting ...... 

p oly~r and regions of renainin, resist; , . 

F or radiation-induced patterning, t*. blocxin, -ter,.X 
J nsitive to pnotons (intrared, vUibie. "V. x-ray, . 
„ lu - sensxtive P fU- ^ he a , 

ions, or electrons. Descriptions 

.... ion bean resist, or e-bea. rMUt. oe 
photoresist, ion ^ e 4cts. e- 

t vr>es of waging films, such as photoresists, 
of various types of x g. ^ically-aaplif i** 

, ats x - ra y resists, includxng chemxcaliy P 
25 beam resists, x ray posit ive and 

and non-amplified photoresxsts, as 
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- negative tone resists, are found in: .Wv Moreau, Semiconductor 
Lithography - Principles, Practices, and Materials * Plenum 
Press ,~ NY , • Chapters 2~5^—pp,^-2 9~2 58 . ; R •. Damme 1 , 

... Dia2onaphthoauinone-based Resists P . SPJE Press, Bellingham, WA, 
5 1993; E. Reichmahis, S*A. MacDonald, T\ Iwayanagai, Polymers in 
Microlithooraphyt Materials and Processes . ACS Symposium 
Series Vol. 412 ? ACS Press, Washington, DC, 19.89; L.F. 
Thompson,. C.G. Willson, and S. Tagava, Polymers for 
Microelectronics; Resists and Dielectrics . ACS Symposium 
10 Series Vol. 537, ACS Press, Washington, DC; 1992, all of which 
are incorporated herein by reference.. 

Alternatively, another method for applying a patterned 
Kiocictng film would be to physicall y stamp or spray a blocking 
material onto the conducting polymer surface in the selected 
15 region, and then proceed with etching or doping of the exposed , 
regions of the conducting polymer surface, in the. case of • 
stamping and spraying, any inert material which can be readily 
removed without adversely affecting the conducting polymer 
layer may be used as the blocking material, such as a 
20 polymeric material as described above or a nonpolymeric 

material such as a wax or a compound which contains a long 
(Cwoo) alkyl chain or other hydrophobic group. . 

Examples of specific commercially available e-beam 
resists and photoresists include: S1400, S1800, SNR-24B, 
25 SNR-200, and SAL-601 (all from Shipley Co., Marlborough, MA); 
the AZ 1500, 1900, 6100, 4000, 7000 series and the AZ P4000 
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,,^^4 ^^^^ ; 

^ v,*.^ ^ srs.tn. di.son*phth^^~^ ,: 

M-4«oo and 4620 series resists. 

ti«.r a ^irive or e native Phe^esist »y ^ 

. positive photoresist is on, in P-emvise ^.». . 

ps«emed sori.ee in *hich the photoresist 

irradiated is re-oy*. «» the snr.ee.. ,» native : . 

ectinio U«i.*'|eW-»***- "T \ - 
Uerne, servos in ^ien tne pnotoresist enicn -es ^t ; 

irr.di.ted is r.»oved fro. the sorf.ee. ^ 
anrf.ee of the photoresist ..y he forsed o^the 
sulf see of the condoetin, poiyner hy eny 

soeh as spin.oo.ti.. dip-coatin,. roUer ~ ^ ^ 

• • „,.f.rred for wafers and ssaller (SU.) a 
«™ 13 P referred • area soMt r»t.s, 

Keller eoetin, is of partieolar nse for lard. 
J5 snch as laro. area U^oid eryst.1 display suhstrates. 



•*■".:> Photoresist layers for this type of process way range 
between 0.01 and 10 microtis ; in thickness; typical values are 

0-5-2 microns, although thicker and thinner ones may 

conceivably be used. • . : .. x 

In substep (b^),, the surface $of the photoresist is exposed 
to actinic radiation. The exact nature of' the aictinid 
radiation used will depend on the type of photoresist used in 
the second step (b) . 

Photoresists of the , novolak-diazonaphthoquihpne type are. 
typically - sensitive throughout the UV to near visible range. . 
i.e., from -450 nm down to 190 nm and below. Chemically- 
amplified photoresists are generally designedi for use with 
high resolution exposure~tools^^eh^s_jieep_ UV steppers, and 
are usually sensitive to radiation from about 365 nm down to 
190 nm and below. For a description of the operation of 
optical and other radiation exposure of resists, see: W. 
Moreau, Semiconductor Lithography - Princ iples. Practices, and 
Materials . Plenum Press, NY, 1988, particularly Chapters 8 & 9 
(pp. 365-458) which is incorporated herein by reference. 
Typical sources for photolithography include: high pressure 
and low pressure Hg lamps (emitting UV and visible light, 
operating from 185 nm thru 700), and laser sources (e.g., ArF 
and KrF lasers, operating at 193 nm and 248 nm, respectively) . 

The surface of the photoresist is irradiated in a 
patternwise fashion by using a photolithographic mask. A 
discussion of photolithographic masks and their use in 
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. cin „«. pro*i.ity. »M pr^eeUdn ^ 

>iv- 1488 -'-SO. 379-397 and 401-402, 

; ^ is incorporate* herein b, reference. *» " : , 9 ■ V:', ; 
' „ „, „„. Ill the pattern o£ the conducting 

.■ of the msK vill depend on. (1) tno p 

polyser desired,',*) whether > .positive or negative, 

* . MX the tvoe of agent being 

photoresist is being used; and (3). the type g 

used in step {c) . . . , o« 

■ ^ the second step W affords .continuous l.Vero«, , 

laver of the conducting, 
• i. ~« r-he surface of the layer >»• 
,0 the photoresist on the suri . 

P oly~r. ,ontro 1 o t tn.oo^ion, i ntno«t h o - .or 

f or^ the photoresist surf.** to ootain a layer e*. , 
. ^.tor^havin, the desired thlessess ia veU withm «- 

abilities of the aailled artisan. 
„ ^enOSin, a positive. Photoresist and »n a,«,t»hioh 

. „ 1UM r- or • tii) decreases the conductivity 
exposed conducting polymer, or n > 

exp .■ ■ nf exD osed conducting 

-» oolvner in the regions of exposea 

of the conducting poiywe* , ' inns 

• -.e^rv quch that those, regions 

polyier. the east will have a „.o»etry such 

/ „ of the surface on which no conductivity or reduced 

...aired are irradiated and those reg.ons of 

llred. to erhibit ,=od conductivity are 
the surface which are aes* 

„ot irradiated. When a negative photoresist and an £ 
Which ,Ui» increases the conductivity of the conducts 
25 polyser are us^. the saee type of nas. nay he used. 



Alternatively, when a positive photoresist is coupled ' , 
with an agent of type (iii) or when a negative photoresist is 

coupled w i th anrfrage ntTor-typ^- (±) ; arr (ri) , then-fche mask will 

have a geometry such that those regions of the surface on 
5 which no conductivity or reduced "conductivity are desired are 
not irradiated and those : regions of the surface which are 
desired to exhibit good conductivity are irradiated. 

The time of the irradiation will depend on the intensity 
and wavelength of the irradiation source and the thickness of 
;0 the photoresist layer. The adjustment of the radiation time 
to achieve complete irradiation of the desired regions of the 
photoresist surface is well within the abilities of the 

skilled-partisan — 

Thus, substep (bj) of the; present process yield a first 
15 patterned surf ace which contain regions of photoresist which 
have been exposed to actinic radiation and regions of 
photoresist which have hot been exposed, to actinic radiation. 

In substep (b 3 ) , the patterned surface obtained in substep 
(b 2 ) is developed to remove regions of photoresist. The 
20 development is typically carried out by contacting the first 
patterned surface with a reagent or solvent which selectively 
removes photoresist on the basis of whether or not the 
photoresist has been exposed to actinic radiation. When using 
a positive photoresist, the developing step will result in the 
25 selective removal of the photoresist from those regions of the 
surface which have been irradiated. When using a negative 
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25 wouiu Hinclcina material was 

fhe PPY before the blocking 

and therefore remove the Fry *> 



-27- 



eaten away. This, requires a complicated, expensive tool and 
is less preferred. Chemical etchants may take the form of a~ 
sblutl OTT~ar v apor phase* to ampvte^-pf -vapor-phase etchants •...*: 
include an oxygen or air; plasma, that oxidize and eat ayay the 
5 resist and PPy at comparable rates. The ion milling and 

plasma etching approaches are good with photoresist masking, 
because the resist is thick compared to the conducting * 
polymer* For solution etching, there are two main 
'. requirements of the etchant: the conducting polymer has to 
10 either be soluble* in the solution, or be converted . to a 

soluble species in the etchant, and the etchant must also not 
dissolve or distort the blocking material. 

Sinee-photoresists a r e gene r all y s o l u bl e or sw ellable in 

many organic solvents (see discussion on resist stripping 
15 below), especially polar ones, most organic solutions are 

unsuitable as selective etchants for. the conducting polymer 
which will not also attack the photoresist. PPy is generally 
an insoluble material. Therefore, the polymer PPy could not 
be readily synthesized and then cast into films for 
20 applications. It is for this reason (as well as overall 

process simplicity) that the in-situ deposition process is of 
such importance. Organic solutions are also less preferred 
than aqueous solutions for disposal purposes. 

There are a number of reports in the literature of 
25 electrochemical or chemical oxidation of PPy- with various 

reagents, including oxygen in the presence of water, PbO,, Ag* 
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CuK Fe-; Br„ I,, specirtoscopic is^ics suggest tbat;y ; ■ ' . 
^oxidation or PPy with t^e reage^invblyes changes, such 
nydroxylation of the pyrrolyl nitrogen or conversion of • • -^V. 

pyrr0 le ring .ethylene groups to ketone or 
" fuhctionalitiesv b ut dees not snbs^antialiy break up the - 

poller into soluble naterial (see.vCB. Street,*.C< ClarXe, . 
Krounbi, K. Kanazawa, Y. Lee, PVPfluger, J.C/Scott. and ; , ? 
: g. Weiser, Molecula^ Cry stals aga Li SlM CrvstaU , vol. 83,, • . • 
• pp, 253-2*4 (1982); c. Kaxouris, J..A. Crayston. and J.C, 

, Walton, ^^J^^ol. "> (1?92>? P * 

. Chxistensen and A. \Ha»nett, Electrochinica Acta, Vol.. 36, 
pp 1263-1286 (1991) ; >. Lei. W, Liang, and C.R. Martin, 

; -.^^j^. vol. 4.v PP^oi-^ ci^). • y ; . : 

Street reports that oxidation with Ag*. 6r>, ?e", Br„ I, 
l5 serv es to iBC^ the conductivity of the PPy, whereas , • , • . 
oxidation with air or oxygen results in decreased 
conductivity: 

The only report that d«,eribcs dissolution or PPy b, 
, , propose degradation into .onoMric. aiaeric, -and other 

. <- reoort by c.c. ch«n and K. Rajeshwar, 
20 soluble fragments is the. report ny 

■■ jaas Bg£tfflt , soo. . Vol. 141. PP- 2942-294. (1994). Here, 

chloride ion »as eleotroohe.ie.lly oxidised to hypochlorite at 
a PPy Coated electrode and the disintegration and dissolution 
' „ f the PPy fro. the eUctrod. was observed. »o suction .as 
2S .ad. for using the electrocncically generated hypoohlorit. 

,or patterning PPy, i» »«. the wor* revealed this reaction 
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to .be a deleterious side effeqt in the use of PPy as an 
electrode coating for battery ceils using chloride ion 
electrolytes. 

Thus, OCl~ is the only; ireagent reported in the literature 
5 that can function as an etchant f §r PPy. Also, as it does not 
dissolve or degrade the* photoresist, it is ideal as an etchant 
for the present process. .Ceric (IV) ammonium sulfate has now . 
been found to function as an etchant by removing the PPy from 
the substrate. The mechanism of its operation is unknown. 
10 Both hypochlorite and Ce(IV) are ^ strong oxidants, with formal 
potentials of +1.63 V (vs. KHE) and 1.44V (vs. NHE) , 
respectively. However, oxidation potential is not the only 
important factor, as PbO ir which is reported by Kakouris to 
oxidize PPy, but not dissolve it, has a formal potential of 
15 +1.46V - greater than that for Ce(IV). Hydrogen peroxide, 

manganese dioxide, nitric acid, and perchloric acid, all shown 
in Example 2 below to have little effect on the dissolution of 
PPy, have formal potentials of +1. 78V, +1.21V, +0.94V, and 
+1.19V, respectively. All of these oxidants can be compared 
20 to the electrochemical potential for oxidation of PPy, which 

is —0.2V; 'so every one of the oxidants mentioned above has in 
excess of IV driving force for the oxidation of PPy, yet only 
. two reagents were found to be able to dissolve (as well as 
presumably oxidize) PPy. 
25 ^ Other agents which may be used for PPy removal are 

strong, aqueous oxidants and include: permanganate ion (MnO/, 
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+1 49V ) , dicteoma^ ^ (Cr^^, + 1.33V) . br . . 

+l.4»v,, nitric oxide («p, . 

+1 .59V) , nyp „„vo n tiais were taken from the 

I 2 0V) Ail eiectroc^e.ickI,potent:ials W ^ 

g^gapdSsgJS-gJ rliiTnl-rrY an / ; 

Press, 1972 73, PP salta are preferred, - . 

Hypochlorite salts, and - ceriim (IV) . 

• »av be any that doe* not. interfere or have a 

The gegen xon may be any ^ lorite «a and K may. ■ 

o*fect. in the case of hypochlorite, N 
deleterious effect. ... , •- • - , ^ # ^ 

he mentioned as suitable Cations, In the c 

V. salt has been found to be useful. 
aBm onium sulfate salt synthes i 2C d. in a soluble 

on the other hand^ PAni can be syn _ (we 

.^^^^^^osi,ed onto a subs^ 
^ ^i.ethylacetamid,, solubility in dinethylformamxae, 

* Udon. o. a^eous acids has been reported, see. 

^^^'^^ ^ 3*,*^*^ Vol. 
K.F. Schoch. V).A. BY«». a^ K.t. 

72. PP- » . (1 „ 5) ,.. 

«.i.t stripper s»ste«. Prsf f 
salts — . - 
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. v as shown in the Examples given below, removal of PPy by 
thS hypochlorite and Ce(IV): etchants was essentially .complete y; : , 
/, within seconds. Typically"/ tKese oxidising agents will be ; 
applied to the first patterned surf ace in the form of an. 
5 aqueous solution- In the case of ^hypochlorite, O.Opl wt.% to 
50 wt.V solutions in water arc* suitable, and 1 wt.% to 10 wt .V 
solutions are preferred.. In the case of cerium ammonium 
sulfate, 1<T 4 to 10 M in water solutions are suitable, and 10° 
to 1 M solutions are preferred. Typically, the first 
10 patterned surf ace will be treated with the oxidizing agent at 
15 to 95*C preferably 20 to 30°C, for a time of 0.1 to 100 
minutes, preferably 1 to 10 minutes. The control of the exact 

conditions to Trchieve-complete-r^ the exposed 

conducting polymer is well within the abilities of those 
15 having ordinary skill in. the art. 

Of course, it is to be understood that it is not 
necessary to remove all of the conducting polymer from the 
regions of exposed conducting polymer. Rather.it. is only 
necessary to remove sufficient conducting polymer so that th£ 
20 conductivity in the regions of exposed conducting polymer is 
decreased to a level significantly below that of the 
conducting polymer in the unexposed regions. For example, in 
the case of PPy, a 15 nm thick layer will typically have a 
conductivity of 500 S/cm. Since the conductivity of the PPy 
25 decreases with decreasing thickness, removal of only a portion 
of the PPy from the exposed regions will result in a decreased 



' ', , in conductivity V 

- Ltordf io. i» easily acni.vaHe even.ithont r«p,i», * . 

■igSi*. — — ; 

: cfeult W i» • bicbh-lcl senscr, a decrease 

- ^ion through, the regions of. higher ? ■ • 
selective conduction tnrouy 

■ Mm A r-eaions of conducting polyner bb 
conductivity of the exposed regions 

: - \l - vW*. ratio of the conductivity of the 

«. rat^ conauotlvity 6< ^ 

^^" ^^ ,0.. prareWy W. 

. ! *-* *" ' 'I ^ L octained in 

Te. ch,h,e l„ s«r t »ce resistance tnat »as a ^ 

, , Mlov , decrease <* -«<>*, Speoifroelly, in 

' --rr Z a startin, vain. o t snrrac. resistance «or 

. dlwr (t etr,^U»onin» n,dro,ide 

predaeed . , areas, resistance « -30, Xoes/s,. a 

" 12 :« ,«ect .Oavin, re,icns a. — vs. lo»r sarrae. 

distance Wi* respect to li,»id crystal s^itCin, xs to 

v>,o intensity vs. voltage curve, 
flatten and spread the intensity 

Lerential —i* - on. ~,io» „. anotaer occur s » 
V depends Strang oa t— in, 

tt . liquid crystal LC svitchin, characteristic. 



regions would .be different,, which may be used in a display 
Configuration • ; . 

Examples of agents which (ii) decrease the conductivity 
of the conducting polymer in the exposed regions of conducting 
polymer include hydroxides of the ; formula R 4 . 3l NH Jc t # in which R 
is c 1 . 4 -alkyl and x is an integer of 1 to 4 and aerial 
oxidation.. Especially preferred is tetramethylammonium 
hydroxide. As in the case of the agents of type (i) , the/ 
agents of (ii) are typically applied to the second patterned 
surface in the form of an aqueous solution* In the case of 
R^^mVOH" , 1(T* to 10 M solutions are suitable, and. 10."* to 1 M 
solutions are preferred. 

The-exaetr-eonditions-of— teeatment_with_th^_agent of type 

(ii) will of course depend on the exact nature of the agent 
and the conducting polymer. In the case of a 0.27 M aqueous 
solution of tetramethylammonium hydroxide and PPy, good 
results may be achieved using treatment times of 6.1 to 100 
minutes, preferably 1 to 10 minutes, and temperatures of 15 to 
95°C, preferably 20 to 30°C. As noted above, when the present 
patterned surface is to be used as a circuit or in a* 
biochemical sensor, the treatment of the second surface with 
the agent of type (ii) is suitably carried out so that the 
conductivity of the conducting polymer in the regions of 
exposed conducting polymer is reduced by a factor of. 10%, 
preferably 50%. However, when the patterned surface is to be 
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v substeps (bx) » (toy) and b 3 ) are used) and. regions in which: 
(i') at least a portion of the conducting polymer has been 
; removed; (ii') the conductivity.- of-^e^exposedLconducting 
polymer has. been decreased; or (liif) the conductivity of ; the 
5 ■• exposed conducting polymer has been increased. 

In step (d) , the blocking material is removed. 
. Typically, the remaining photoresist will be removed by 

washing with a solvent or stripper. The exact solvent will 
depend on the identity of the photoresist. Strippers for 
10 -resists are described in Chapter 14 of W. Moreau, 

Semiconduc tor Lithography - Principles. Practices, and 
Materials . Plenum Press, NY, 1988, pp. 779-812, which is 

~iiicorporated_herein Jay^jaf <ajr^ is to 

strip the resist without adversely affecting the conducting 
. 15 polymer that remains on the surface. Strippers can be: 

1) organic solvents, typically polar solvents such as 
chlorinated hydrocarbons (e.g., methylene chloride), ketones 
(acetone, methyl ethyl ketone, methyl isobutyl ketone, N— 
methylpyrroiidone) , esters, alcohols, dimethylsulf oxide. 

20 Preferred arc non- toxic solvents like acetone that have been 
shown (Ex. 2), not to affect PPy; or 

2) Aqueous strong acid or base solutions. 
In the case of the photoresist S1400, acetone is the 

preferred solvent. The selection of a suitable solvent for a 
25 given blocking material is within the abilities of those of 
ordinary skill in the art. 
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. The patterned surfaces of conducting polymer, produced by 
the present process, may be used , as the conductive element in, a 
liquid crystal display device. Thus,, the present patterned ♦ 
surface can be used as a replacement for a conventional 
patterned surface of ITO in a liquid crystal display deyice. 
However, as alluded to above, due to the flexible nature of . 
the conducting polymers, it is preferred that the present 
patterned surf ace of conducting polymer be present on a 

flexible substrate and constitute the conductive element in a 

flexible liquid crystal display deyice. 

Figure 1 is a schematic diagram of one embodiment of the 

present method. In the first step, a film of PPy is formed on 

a^polyiireir^bstrate^I 

photoresist is spincoated on the PPy. In the third step, the 
photoresist is exposed to actinic radiation in a patternwise 
fashion. In the fourth step, the exposed photoresist is 
developed to remove the photoresist from the regions which 
were exposed to actinic radiation in the third step and to 
expose regions of PPy. In the fiftl} step, the exposed PPy is 
removed by etching, and in the sixth Step, the remaining 
photoresist is removed. 

The present invention will now be explained in further 
detail in the context of PPy. However, it is to be understood 
that the good effects of the present invention may be achieved 
using other conducting polymers. 
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does not remove the PPy from the substrate. . The. photoresist 
is then dissolved from the substrate as above. . In this case, 
thfe highly conductive^ active* 
regions of an LC display, whereas the mpre highly resistive, 
base-treated regions Wilt not switch as effectively at the 
same applied voltage and do not function as active areas. 
This configuration may be preferred in applications where the 
complete removal of the PPy film is not desired. In this 
embodiment, steps (d) and (e). are combined. 

Finally, certain reagents such as hydrochloric acid, 
nitric acid, sulfuric acid, and perchloric acid as well as 
those reported in the literature have been found to decrease 
the surf ace resistance^and-increase-the-Gonductivity) of as- 
formed PPy films by up to a factor of 3. Treatment of PPy 
f ilms, either before or after, photoresist patterning 
procedures described above, can be used to optimize the 
electrical characteristics of the PPy for display 

applications. 

Materials and methods for producing patterns of 
conducting PPy patterns on f luoropolymeric substrates are 
described in the examples below. However, the photoresist 
patterning method, coupled with appropriate reagents for 
either removal, impairment, or enhancement of the electrical 
properties of the conducting polymer is a general concept that 
can include non-f luoropolymeric substrates (including 
inorganic and other polymeric materials) , other conducting 



, pollers (such as polyaniiine, poiythiophene, polyacetylene) , . • 
and other etcbants (solution ^hase . or plasioa) . Tne patterned;.- 
conducting polymers, produced by this approach can be used for ' 
liquid crystal displays/- sensors or transducers for . ;; 

: -electrochemical, radiation, temperature, or acoustical -input , 
aicroelectronic circuitry, or other applications where _ 
patterns. of electrically conducting polymers are required. : . 

other applications 6f the patterned conducting polymers- 
afforded W the present invention include:, actuators; 
l antiradiation coatings; antistatic coatings and carpets; , 
coatings, fibers, films, paints," etc. ; artificial muscles;:-: 
batteries (lightweight, high energy density, rechargeable, 
flexible, odd-shaped); capacitors and supercapacitors; 
catalysts; coating for initiating electroless or electrolytic 
S metal plating on dielectric substrates;: conductors 

(lightweight,; controlled-release medicine delivery systems; 
-corrosion-preventive paints; displays; electrochromic and 
■ electroluminescent displays; smart windows; electrodes , 
■}. (catalysts, fuel cells, etc); electromagnetic shielding; 
20 electromechanical actuators' for biomedical devices, 

.icropositioners. microtweezers, microvalves;, etc. ; electron- 
beam resists; field effect transistors; fuses (reversible) ^ 
separation membranes; heating elements (e.g. , clothing) > 
. infrared reflectors; photolithographic resists; loudspeaXers 
25 (electrostatic) ; memory devices (electrical, optical) ; 

molecular electronics; micro- or nanoelectronic circuitry; 



nonlinear optics;; packaging materials; pH modulator; ., 
polymer /solid electrolytes; semiconducting devices: p-n 
junction -photovoltaic 

diodes r transistors, etc.; and transparent conductors. 

Such applications are discussed in J.S. Miller, Adv. 
Mater-,, Vol. 5, p. 587 (1993) and in. Horeau, pp. 759-823, 
which are incorporated herein by reference. 

A polymer or glass fiber coated with PPy or other 
conducting polymer in a selected region may be used as a 
biocompatible electrochemical sensor that may be inserted or 
implanted into a cell or other small area. It has recently 
been reported that neurons may be stimulated by voltages 
applied to a conduct ing polymer-coated pl astic; there was no 
pattern definition involved. The present invention may be 
used to provide electrical stimulation to neural networks much 
like those currently produced on glass substrates. Acoustic 
sensors may be fabricated by putting PPy electrodes onto a. 
piezoelectric polymer such as polyyinylidene fluoride. These 
sensors become more sensitive as they have less mass to 
displace, and using a lightweight conducting polymer, rather 
than a metal electrode, could yield improved acoustic sensors. 
Conducting polymers have high electrical conductivity, but 
poor thermal conductivity and, as such, may be used to prepare 
improved pyroelectric detectors, because current materials are 
much better thermal conductors and spread heat, thereby 
lowering the resolution of the thermal image. 



10 



vSxl: in aiiifc^'^^ patterned surfaceslof coveting ; - 
^er S ^y ^«* ^ a plating base fo^ ^e^patternwise 7 / J 
, glaii^^ pa^T^a . 

icUduciih^^ plating basa for either . > 

ieiectrblesW plying or, electiropiating (in which current is 
: passed trough the ^ cpnoucting poiyW) of metals ascircuit 

. other features Of the invention will become apparent in • 

" the course o* ^following descriptions of exemplary 

•: embodies Which, are given for illustration 6f the r. invention 

and r^^i*^^:^-^^^* 1 ?*^- • 

Substrates.. : . 

; ^ Conductive fii»s »£ polypyrroXe were doited onto ' 

: .odificd t itoa«l»or«to,lene-=o-ne !t .««<>roprop,l.ne (PEP) 
£ i 1M (obtained fro* DUPbnt Co.. Wil.in,to„. DE) using the m- 
•': «t„ poly-eritation inthod. A transparent f il. of PEP was cut 
into a i.5 * 1.5 inch sonars and than ultrasonicll, cleaned 
in natnanoX lor 30 sac. The FEP «a» than placed into a 
„ Harris* radio fre„»ency ,low discharge (RFGD) pXasna cXeaner 
- „*dnl Pbc-„„. which was todified with an in-Xin. hi,h vacuo. 

valvo for controlling oas flow and charf»r prossura. A 
.i«ur, of H, and ..thanoi was then introduced into the pl»s~ 
chanbar under constant flow conditions such that a constant 
25 pressure of 100 -rorr w„ achieved. The FEP fix. was thsn 



exposed to a plasma for 1.5 min.. After removal from the 
plasma chamber the modified FEP film was thten ultrasonically 
washed in methanol* — -This-proeess- control lably ^def luorinates 
the FEP film and produces hydroxyl (-0H) groups oa the surface 
of the polymer. The plasma modification process ha;s been 
described in U.S. Patents 4,946,903 and 5,226,309, which are 
incorporated herein by reference. 

Deposition of conducting films of polypyrrole (PPy). onto 
modified FEP was done using an in-situ polymerization 
technique. Pyrrole monomer (6.6 mL) was dissolved with 
magnetic stirring in 100 mL of pi water (200 mL beaker, room 
temperature) during 15 minutes. In a separate 400 mL beaker, 
ferric chloride (3.5a) w a s, dissolved with ma gnetic stirring in 
100 mL of DI water. After 5 minutes stirring at room 
temperature, : 0.98g of anthraquinone-2-sulf onic acid sodium 
salt (AQ2SA) was added to the ferric chloride solution. This 
solution was stirred for 5 more minutes to dissolve. the AQ2SA. 
Then, 5.34g of 5-sulf osalxcylic acid sodium salt (SSA) was 
added, and the x solution was stirred for 5 more minutes" to 
dissolve the SSA completely. 

Polymer substrates were immersed inside the 4.00 mL 
beaker. The entire 100 mL of pyrrole solution was added 
quickly (during 1-2 seconds) to the beaker containing the 
ferric chloride mixture, completely immersing the polymer 
substrates into the deposition solution. After 5-15 minutes 
in the deposition solution, the substrates were coated with 
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thin-PPy fi^ and were removed: f^ t^e faeakerV.: Shorter q-.;,; 
deposition tW yielded fil^^ nigher trans parency ^arid • V: 
higher surface resisting than those deposited- at longe^ ' ' 
tiies. The PPy filis were ultrasoni^lly cleaned. -in. ar.'4Q0. ? 
beaker filled with i>I. water for 30^ee. ultrasonically cleaned 
in methanol for 2 min / and then rinsed in methanol for: 20 sec^; 
The PPy fiins were then dried under nitrogen flow. . 

The PPy fiins on the PEP substrates were characterized by 
W-Vis-NfR spectroscopy and by 4-point probe resistance 
Measurement. Measurement, of the. intensity of the: 550 .rim peak 
W the PPy film by UV spectroscopy gave both the transparency 
and thickness of the PPy film. Typical transparencies ranged 
-f^^^ film . thickness . 

.; rang ed from 10. to 25 n» (using conversion factor of 0.0375 
Absorbance units -~\>S - ^n>s,> V Electrical measurements- 
of the PPy tiims were made using a Signatone model 4-point 
probe with a Keithley model 196 Voltmeter and Keithley model 
224 power supply. Typical values Of surf ace resistance- for , 
as-prepared films ranged-between 600-4000 ohm/sq, although 
, some preparations yielded PPy films with surface resistances 

as high as 10K ohm/sq; corresponding electrical conductivities 
ranged between 100-1300 S/cm. PPy fil- allowed to stand in 
. air under ambient conditions generally exhibited an increase 
in surface resistance over a period of several days; 
5 stabilizing at values typically ranging between 5-10 kohm/sq. 



PPy films for display; fabrication were used as soon as 
possible after deposition 1:o avoid oxidative degradation* 

EXAMPLE 2 . Ef feet pf various reagents on the electrical ' 
properties of PPy films* 4 T; / 

Films of PPy on FEP substrates, prepared as described in 
Example 1, were treated with various solution reagents for 
times ranging from 30 sec to 10 min, and the change in 
surface resistance of the PPy film was measured using the 
fourrpoint probe technique- Although PPy films for these 
experiments were taken . from the same preparation, the surface 
resistance values- from sample to sample can vary by a factor 
of 2 -3 9 so-the-ehemge^irv^urface^esi^ 
normalized to the initial value of the PPy film prior to 
exposure to the reagent. For the results shown in the Table 
below, the initial surf ace resistance values for the PPy films 
ranged from 2 Kohm/sq to 6 Kohm/sg. 

It should be noted with regard to the surface resistance 
changes that if the PPy film is of the highest quality, i.e., 
lowest starting surface resistance/highest conductivity 
values, then the acid doping has little affect. The data in 
the table was obtained for films of moderate quality, where 
the additional increase in* doping level could be discerned. 
However, the base-induced undoping was effective regardless of 
the initial PPy surface resistance - for the typical ranges 
produced above. 



-46-r 
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tteaaent • "' . '\;- - . v>. • : 

i: i MF-312 developer (see Ex 
Cone. HHiOli. 
4M NaOH (aq) 
1H CH,COOH 
30% H,0, 
■ 1MHC1 

m h,so« ... 

1H HNOj 
ivi HC10 4 
1M HaHO, 

0.1M AgNOj » -. 
. SoSx'b^hTs.^* NaOCl (a,) ) 
0;iM (NHJ 2 Ce(S0 4 ), 
Acetone 



Vs. 



Change j. 

Increased 142x 
Increased 82X • • * 
Increased 1.3x 
Increased 1.4X 
Increased' 1.9x 
Decreased . 2 .Ox 
Decreased 1.7x 
Decreased 3;2x: - 
Decreased 1 - 9x> 

Decreased 4x 

Unchanged ; (<10%> 

Decreased 2.5x 

Removed film 

Removed film 

Increased 1.4x 
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These data show' that . reagents suiih as. MF-312. developer. " 
^ annoniun hyoroxlde -erely^air th. surface resistance 
(end therefore the electric* conductivity, of W "i*. , 
acidic r»,ents can ieprove «, and a hy' -2-,x; acetone which is 
ployed in the photoresist renov.i step (See EXanples a and, 
, r does not oaterially affect the electricel property, and 
strongly oxidizing reagents such es sodiun hypochlorite and, 
eerie ...oniu, sulfate dissolve the PPy f U. and 
iroe the fluoropolymer substrate. 

BMB^, fabrication of patterned PPy f 11. «-»- 
hypochlorite etchant. 
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• Polypyrr ole-coated ; YEP substrates were produced, as 

described in Example 1. The.PPy^coated' substrate was spin- . 
coated with 1.2 ym thick f ila of . S1400-27 photoresist (Shipley 
Co.).- The photoresist was exposed, to 20 sec (total dose - 200- 
5 mJ/cm 2 ) of patterned UV (365-405 ona) radiation using a Hg/Xe ; 
lamp-based contact printer (Karl Stiss Co.) with a chrome-on- 
glass ^ contact mask.. The exposed photoresist was dissolved 
using MF-3 12 developer (Shipley Co.). at 1:1 dilution with DI 
water (the diluted solution is. composed of 0 . 2721 
10 tetramethylammonium hydroxide, TMAH) foe 1.5 min and was 

rinsed with DI water. The substrate was then immersed in a 
solution of Clorox* bleach (aqueous sodium hypochlorite) for 
30-j60_secL_tQ_dis.solye ^ 

unprotected by the photoresist; the substrate was then rinsed 
15 ; with DI water and dried under a stream of nitrogen.: The 

photoresist was then removed by immersing the substrate in 
; acetone for 1 min, and the substrate was rinsed with DI water 
and dried. Examination of the substrate by optical microscopy 
showed patterned regions of polypyrrole that replicated the- 
20 patterns on the contact mask, with features having minimum 
linewidths of -50 /jm and sharply defined edges. The same 
procedure was used with a contact mask having serpentine 
patterns and linewidths as fine as 10 jim. Optical micrographs 
of the patterned PPy films are shown in Figures 2a and 2b r 3, 
25 and 4. In Figures 2a and b, the lighter regions are those in 
which the conducting polymer remains, and the darker regions 
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■ a i. th M i in which the conducting pilyner -'t-W'. ™ r;^? 
ifc*. l and 4. the lighter regions/ a re those in which the 
\ : conducting.'*!^ was renoved and, the dar*er regions ere , :J ., 
those in which the conducting polyner renains. . V- 

5 sW W patting procedure was used es describe 

shove, with the exception thst a high, resolution lithographic . ; 

'■W «sx: was enployed with an exposure * i~- U 

, dsvelop^nt ti., o t l. 5 »in. inspection of m P-tterns V. 

i / ^er tn. .optical nicroscope revealed patterns with nininu. - . , 

lb linewidths of 1t2 M«. 

BH^. Pabrication of ' patterned m fU- using eerie 

amsonium sulfate etchant. 
. polypyriole-coated PEP substrates are produced as 
- describe* in aranple 1 and are coatad with photoresist. 
•„.• sxposed and developed as described in Sranple 2. The , 

: BUbs „ate is then Wrsed in an 0,1 H agueous solution of , 
eerie ai-oniu. sulfate for a period of 10 .in 'or less to 
reTO v. the PPY fU- 'ro. the regions net protected hy ; • . 
, pn.eore.iat. rinsed with 0! water and dried. The photoresUV 
„ is renewed by i.~rsion in acetehe as described above, leaving 
patterns of PPy on the PEP substrate. 
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EXAMPLE 5 . Fabrication of patterned PPy films with, lowered 
surface resistance. 

Patterned polypyrroie-coated FEP substrates are produced - 
as described in Example 3. After removal of the photoresist , ... 
the patterned PPy film is immersed in a solution of aqueous 
(1M) nitric acid for 1 min, rinsed with DI water and dried. 
The acid dip decreases the surf ace' resistance of the PPy by a 
factor of -3x. 

EXAMPLE 6 . Fabrication pf patterned PPy films using MF-3 12. 

Polypyrroie-coated FEP substrates were produced as 
described in Example 1 and were coated with photoresist, 
exposed and developed as descri bed in Example 2~. — TheMF-312 
developer degrades the 'electrical properties of the PPy film 
in the regions unprotected by the photoresist. The 
photoresist is then stripped with acetone as described above. 
The f iuoropolymer substrate now has patterns of highly 
conductive PPy film corresponding to the regions that were 
protected by the photoresist; in the other areas, damaged PPy 
with -I50x higher surface resistance remain. 

EXAMPLE 7 . Fabrication of a liquid crystal display using 
patterned PPy films. 

An unpatterned PPy-coated f Iuoropolymer substrate (-2" 
square) was produced as described in Example 1. A patterned 
polypyrroie-coated FEP substrates was produced as described in 
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/^^^^r^ ^^Xrflonl.spacer was inserted between,, - , 

the two U^ to b^le^o control the spacing of the ,v, 
: ' ^4bt£ iaeSrice is, fabricated by nixing equal Weight/ 

; percen^g^^i^ic nenati^Hguid: crystal mixture # 

■ ¥ /-i^'^^i-'*^^' • Hotlandi opt * cal v 

^ohesiVe^r .^-«fti^^ti*^.tl«. Norland adhesive,, 
the liquid crystal is dissolved in a pre-polyner, and a snail- 
: aBOU ht :o^th£s^honbgeneou^ mixture is placed on the conducting 
•^l^^^^'^ s P acera ' ^e substrates are; placed 
on top of lack other- with the Conducting surfaces facing, 
t^W-^ : ^V^c^.i4tl»%;-iil offset, such that 
the electrical contact can be made, . The sample is 
- phbtopoi^ minutes using 3*0 n» 

: uv light: Connection to an electrical power supply was made 
5 b y attaching metal clips to the PPy fixated substrate. 
The PDLC device, fabricated in this, manner using the 
poiypyrroie film as the conducting substrate, exhibits 
electrooptic. switching. The Voltage dependence of the 

■ intensity^ transnission of the W device with. polvpyrrole 
l0 substrates shows a threshold vC^ge of about 15 vclts beyond; 

which the intensity attains a saturation value. 

SCAMPS. PDLC device fabricated from PPy f il» on PET, 

A number of PDLC devices have been fabricated using both 
poiypyrroie and polyaniline films as electrodes. Here the 
23 fabrication and worxing of one type of PDLC as a typical 



example is described. The PDLC device was fabricated using 
polypyrrole coated PET as described in Example 2. A schematic 
diagram of this devxce (tne diagram is grenericr~f or^^nyrtype of 
. conducting polymer film) is shown in Figure 5. This device • 
has a very important feature - the electrically conducting 
surfaces by which the voltage is applied to the device are 
conducting, polymer films. Thus, the ITO coated glass or 
plastic conducting substrates of the usual PDLC devices are 
replaced by conducting polymer films in this device. 

The conducting polymer (polypyrrole) coated PET was cut 
into strips of appropriate size (e.g., 5x5 cm 2 ) for the PDLC 
cell fabrication . To be able to control the spacing of the 

cell between ti ie^electrodes7-~ene-of-th&-substrates was treated 

with the 15 micron size spacers. The PDLC device was. 
fabricated by mixing equal weight percentages of eutectic 
nematic liquid crystal mixture E7 (EM Chemicals) and UV 
curable optical adhesive. Norland Optical Adhesive #65- The 
ordinary refractive index of the liquid crystal is nearly 
V equal to that of the polymer (n=*1.524), a prerequisite to 
fabricating a PDLC light shutter. Before polymerization of 
the Norland adhesive; the liquid crystal was dissolved in a 
prepolymer and a small amount of this homogeneous mixture was 
placed on the conducting polymer substrate with the spacers. 
The substrates were placed on top of each other with the 
conducting surfaces facing toward the inside of the cell with 
a small offset, such that the electrical contact can be made. 
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.mutes m« it** ,»o n»); Ai'thc ^^.-rf-»v ; 

polypes, the low ^.biiai Wei^ crystals- «o ^ 

W sol^e <» th. poly^r binier aha ^^^^^^ 
separates' <ro» the . p^M***- W» ^ 

.orpholoi begins « tor. and the Wets continue to ,ro. •. v 
ontilth. ^ ^ in the droplet norphoio^ , a , 

s ue: xh. te= w«. in -'^.Tr - ^ ■ • : -i 

polypyrroS fiU » the Oohductih, substrate, , , 

.Xectro^optic s-ltcin,. The volte,, aepeno.no"> ,,. 

Utes -eshOia Volta,e - about' 15 volts be y ond ; , 

vnich the intensity ebtaihs a saturation vain. «» 
savior, the putative nature o, the variation 
W-sitv -th .ppliea volte,., as u.11 as the 

tbreshoia volt.ee. er. Very to tbos. in currently .... 

^ ; with ITO based substrates, 

used PDLC devices- witn . 

' BSMB ^. : Twistea neoetic ii,uid -ystel aisplay device 

. a. j ppv film cn PET. . • 

fabricated from pfy " 

X TH ceil was £ .bricatea usin, polypyrrole fU- 

0 f two conducting substrates, two pox 
consists of two t-y .i. liouid 

V , the ceil thickness, and eutectic nematic liqai 
to control the cell * hc a. ratcs were treated 

<,i IE7, The conducting substrates wer 
crystal material (E7). 
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crystal material alig hment 

bidirectional, rubbed) to create uniform parallel 
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The substrates were sandwiched together with the conducting 
sides. facing each other, a small offset to allow for electric 
: connections," and "with" tKe-aligntteht-direction at the top 
substrates rotated at 90» with: respect to the bottom 
5 substrates. The spacers, (usually^ 3-10 microns)' were placed 
between the substrates so as to control the cell thickness. 
The two opposing side edges are sealed with an epoxy glue and 
the cell is filled with the liquid crystal by capillary 
action. Placing the cell between crossed polarizers completes 

10. the TN display . 

The electro-optic characteristics of a TN device, 
fabricated using the conducting polymer (polypyrrole) films 

investigated. The applied voltage was 24 volts across the 
thickness of the cell. The rise time and the off-time, 
evaluated from the value of the optical intensity at 10% and 
90% of the intensity, are 35 ms and 54 ms. Thus, the 
functioning and the characteristics of a working TN device 
fabricated with an optically transparent conducting polymer as 
the conducting substrate has been demonstrated. This reduces 
the steps involved in the device fabrication. 

Obviously, numerous modifications and variations of the 
present invention are possible in light of the above 
teachings. It is therefore to be understood that, within the 
scope of the appended claims, the invention may be practiced 
otherwise than as specifically described herein. 
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■:SZ : Preparing^ pa^ed c^ducting; ^ 
poiy»er suifa^ -s^d process /coding: • .. ; 

T\ , (a) , forcing a surface of ^ conducting. poller on : a. . .. 
• surface of a substrate? 
m ioriin, a surface of a niocXin, nateriaX on said j 
. of .aid conducting poXy^er in. patter«»ise ... 

. :i f .,hicn. t. obtain a "rat patterned surface.. ■:■ ; 

■I containing regions of exposed conducting poXy^r and 
- regions of biocXing nateriaX; • 

— U -m^ lj; r .»o,es said conducting poXy^fro, »* 
■ regions of exposed conducting poiy»»« ( t i> . 
. aecraaU. the conductivity of said conducting, 
' poiy«* in said. region, of exposed coveting 

. or. ,U» increases tn. conductivity,* sard 

: , conducting poxyner in said regions of exposed. .. . 
conducting polynor; and . . 

. ' . (d) r.aovin, said oXoOcing nateriaX to o„tain a second 

J patterned surface containing an exposed pattern of 

. conducting polymer. 
■ ' ■ process of CXai. X. "Herein said sunstrate - 

' a fro. the group consisting of gXass. guartx. silica, 
selected fron the gr v. „ 4 «. r ide titania, 

25 siXicon. siXicon nitride. aluaiaa. aluarnu. nrtrrde. 



titanium nitride , diamond , waxes > polyesters , 
^>blyvinylacetate, polyolef ins , polyethers , 
polyyiriylaethylether, polyviriylbutylether # polyamides., 
polyacrylamide, pblyimides, polycarbonates, pplysulfones, 
polyketories , f luoropolymers , aromatic hydrocarbon polymers , 
acrylate and acrylic acid polymers; phenolic polymers, 
poiyvinyialcohol, poiyamines, polypeptides , siloxane polymers , 
polyvinylchloride, polyvinylbenzylchloride, pblychlorostyrene, 
polyvinylbutyral, copolymers thereof, and mixtures thereof. ; \ 

3. The process of Claim A, wherein said conducting 
polymer is selected from the group consisting of ~cis and. trans 

- : poly acetylenes , polydiacety lenes , polyparapheny lenes , • 
polypyrroles, polythiopheftesT—poiybdfcthiophenes, . 1 
polyisothianaphthene, polyphenyleneviny lenes , 
polythienylvinylenes, polyphenylenesulf ide, and polyaniline. 

4. The process of Claim 1, wherein said conducting 
polymer is polypyrrole. : 

5. The process of Claim 1, wherein said conducting 
polymer is polyaniline- 

6. The process of Claim 1, wherein said agent is 
selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous IVxNH/ 
OH- (where R is C^-alXyl) , HC1, HN0 3 , HC10 % , and H 2 SO,. 

7. The process of Claim 1, wherein said agent is a 
hypochlorite salt* 
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. e; Re process of- ciai. 1. wherein said- agent is 
' £Ura»ethylain»oniu» hydroxide. ; . s . 

. 9 .: W kerned conducting poller surface prepared by a- . 

process comprising: 

:, f«,in, a surf ac. ot a conducts* POly~r on a 

Surface of a substrate! . 

1 fe.f^^^ 
• • -surface of said conducting polypi in a patternvise, - 
'.fashion, to obtain a first patterned surface;, 
. containing regions of exposed conducting pply«er and 

regions of blocking material; 
( e, testing sal. first Patterned surface wit* an agent 
.nich. <i) r.-ovas .aid fron said 

reslons of exposed conducting poly~r; ("> 
"•••.'/.'*«*— tfc. conductivity of said conducting 
poxyssr in said Won. of exposed conducting 
poiyner; or ,iii, increeses the conductivity Of *.xd 
conducting poiyaar in said regions of exposed, 
conducting polyaer 8 and 
(a, re»vin, seid tloc*in, serial to o«ai» a second 
. V. - ^ctern^ surface containing an expose P.««n Of .. 

conducting polymer. 
10 . Tn. patterned ~rf.ce of Clai. ... -nerein said . 
strata is seiected fro. t». group consisting of glass 
.„ guarts, silica, silicon, silicon nitrida. 

nitride. tit.nia. titaniu. nitride, disbud, vaxes. 
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polyesters, polyvinylacetate, polyolefins, polyethers, . 
polyvinylmethylether, polyvinylbutylether , polyamides, 
polyacrylamiderpolyi^^ 
polyketones> fluoropolymers, aromatic hydrocarbon polymers, 
5 acrylate and acrylic acid polymers , phenolic polymers, 

polyvihylaicohol, polyamines, polypeptides, siloxane polymers, 
polyvinylchloride, polyvinylbenzylchloride, polychlorostyrene, 
polyvinylbutyral, copolymers thereof , and mixtures thereof. 
11. The patterned surface of Claim 9, wherein said 
10 conducting polymer is selected from the group consisting of 
cis and trans polyacetylenes, polydiacetylenes, 
polyparaphenylenes, pplypyrroles, polythiophenes, 

-pCTlyMthrophefH^Sr-p^^^ 

polypheny lenevinylenes , polythienylviny lenes , 

15 polypheny lenesulfide, and polyaniline. 

12. The patterned surface of Claim 9, wherein said 
conducting polymer is polypyrrole. 

13. The patterned surface of Claim 9, wherein said 
conducting polymer is polyaniline. 

20 14. The patterned surface of Claim 9, wherein said agent 

is selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous R«.*NH/ 
0H- (where R is C^-alkyl) , HC1, HNO,, HC10 4 , and H 2 S0 4 . 

15. The patterned surface of claim 9, wherein said agent 

25 is a hypochlorite salt. 



J^W'ife ^"l^^ sav age** . ; ^ 

/ii. ; 4etrame^ • ■ ' • 

:^eri»edV^^^ly^ su^a^saia, patterned - ^\ ^ . 

^cbnducti** ^ '*T COBPr --^ : ' 

. - ; (a> * 
surface ot .a substrate ?r , ; 
; : ; ( b) * forming a^surf acV of a. blocking material on said 
^ . ^ sur £ace of said ^ 

- fashion, to' obtai^ a: fir^ patterned surface,- 
> : : containing regions of ^exposed, conducting polymer and 

regions of blocking ^material? 

treating; said first, patterned surface Wit* an agent 
which: ^^^^ia ^i^^ P*ly*er fro» said 
i5 regions of exposed conducting polymer; <il> , 

decreases the conductivity of said conducting! 
'■. polymer iii^aid regions of exposed conducting' 

polymer; or: (iii) increase*, the conductivity of said 
conducting polymer in said regions of exposed 
26 conducting polymer; and 

,: (d) , removing said blocking material to obtain a second 
r- patterned surface containing an exposed pattern of 
conducting polymer. 
M The device of Claim 17 ,, wherein said substrate is 
25 selected from the group consisting of glass,, quartz, silica, 
silicon, silicon nitride,, alumina, aluminum nitride, titanxa. 
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■ titanium nitride,' diamond, waxes, polyesters, 
v .polyvinylacetate, polyolefins, polyethers, 
* " pblyviny lmethylether , poiyviny ibuty lether r-polyamides , 
polyacrylamide, polyimides, polycarbonates, polysulfories, 
5 : polylcetones, f luoropolymers, aromatic hydrocairbon polymers, - 
acrylate and acrylic acid polymers, phenolic polymers, 
polyvinylalcohol, polyamines, polypeptides, siloxane polymers, 
polyvinyichloride, polyvinylbenzylchloride, polychlorostyrene,. 
1 polyvinylbutyral, copolymers thereof, and mixtures thereof . 
xo 19. The device of Claim 17, wherein said conducting 

polymer is selected from the group consisting of cis and trans 
polyacetylenes, polydiacetylenes, polyparaphenylenes, 
polypyrroles , pelythiophenes^Ka y bithiopb-enes , 
polyisothiahaphthene, polypheny lenevinylenes, 
15 polythienylvinylenes, polyphenylenesulf ide, and polyaniline. 

20. The device of Claim 17, wherein said conducting 
polymer is polypyrrole. 

21. The device of Claim 17, wherein said conducting 
polymer is polyaniline. 

20 22. The device of Claim 17, wherein said agent is 

selected from the group consisting of ion milling, plasma 
etching, hypochlorite salts, cerium (IV) salts, aqueous R^.^NH,* 
OH* (where R is C^-alKyl) , HC1, HN0 3 , HC10 4 , and H 2 S0 4 . 

23. The device of Claim 17, wherein said agent is a 

25 hypochlorite salt. 
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of Claito 17 , wherein said agent Is 



tetxane . ,^ . ^ _ ^ 



X , -26 A'..?** device of 



32& 17, which is -a liquid crystal 
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FIG.2B 

SUBSTITUTE SHEET (RULE 26) 





FIG.4 



SUBSTITUTE SHEET (RULE 26) 




a: Substrate: PET, FEP, OR Glass 
b: Conducting Polymer 

FIG. 5 



SUBSTITUTE SHEET (RULE 26) 



FIG. 6 




CONDUCTING POLYMER TWISTED NEMATIC CELLS: 



a: Polarizer / Analyzer 
b: Substrate: PET, FEP, Glass 
c: Conducting Polymer: PPy, PANI 
d: Alignment Layer: Rubbed PPy or PANI 

Rubbed Polyimlde, 
Non-rubbed Alignment Layer 

CONVENTIONAL TWISTED NEMAtIC CELLS: 

a: Polarizer / Analyzer 

b: Substrate: Glass 

c: Conducting Coating: ITO 

d: Alignment Layer: Rubbed Polymide 

SUBSTITUTE SHEET (RULE 26) 
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